ABSTRACT. DNA sequence diversity was investigated at two plastid regions (the trnH-
"… the most important development in the past 13,000 years of human history," [1] . Among domesticated plants, the domestication of grapevine (Vitis vinifera L.) for food and drink is an event of tremendous cultural and economic importance. Ensuring the long-term value of cultivated plants like grape, particularly in regards to trait improvements such as disease resistance, requires the retention of genetic variability in the form of seed and rootstock collections [2] . Like many other domesticated plants, cultivated grape (Vitis vinifera L. subsp. vinifera) has experienced recent large-scale demographic events that affect the level of genetic variability available [reviewed in 3] . Both the Phylloxera and mildew epidemics of the 19 th century and the growing dominance of a small number of commercial wine varieties in the 20 th century are believed to have caused a major reduction in overall genetic variability in cultivated grape [4, 5] .
Fortunately, recent molecular studies have shown that considerable genetic variation exists within the estimated 6000 grape cultivars both at global [6] [7] [8] and local scales [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . These studies also indicated that a portion of the genetic variation in cultivated grape is geographically restricted, leading to the suggestion that wild grape (Vitis vinifera L. subsp. sylvestris (C.C. Gmel.) Hegi) could have been taken into cultivation independently in multiple areas, therefore capturing different subsets of the total variation of the wild ancestor [7] .
In this study we examine plastid DNA sequence variation in a geographically diverse group of V. vinifera cultivars. To date no study has broadly assessed DNA sequence variation in this way. In addition, this study includes a large number of traditional cultivars from the Republic of Georgia, home to over 500 grape cultivars and the earliest archaeological evidence of grape domestication [21, 22] . The greater Caucasus region in which Georgia lies is widely believed to be the area in which grape domestication began [23] [24] [25] [26] , and the study of genetic diversity in this region is viewed as key to understanding grape domestication in general [4] .
Materials and Methods
Tissues for DNA samples came from three sources. We received 9 DNA solutions and 59 cuttings of grape cultivars from the Institut National de la Recherche Agronomique (INRA) Montpellier, France. Dried leaves of 30 grape cultivars were received from National Clonal Germplasm Repository at the University of California, Davis. Finally, 40 Georgian cultivars were received as cuttings from the Georgian Institute of Horticulture, Vini- Table 1) . Samples received as cuttings were either grown in water at room temperature until leaves appeared, or the cuttings themselves were homogenized using a pencil sharpener. DNA isolation was carried out according to the CTAB protocol presented in Lodhi et al. [27] or with a Plant Genomic DNA Extraction Miniprep System (Viogene U.S.A., Sunnyvale, CA). When necessary, extracted DNAs were purified with GenElute columns (Sigma-Aldrich, St. Louis, MO). A preliminary sample set comprising seven Georgian and two French cultivars was investigated by sequencing three non-coding plastid DNA regions (the trnH-psbA intergenic spacer, the rpl16 intron, and the accD-psaI intergenic spacer). The trnH-psbA intergenic spacer was amplified with the primers "trn H" and "psb A" [28] . The accD-psaI intergenic spacer was amplified with the primers "ACCD-769F" and "PSAI-75R" [29] . The rpl16 intron was amplified with the primers "rpl16-5'" (5' TGTTGTTTACGAAATCTGGTTC 3') and "rpl16-3'" (5' ATGCTTAGTGTGTGACTGGT 3') (this study).
After evaluating the SNPs present in these three plastid regions for the 9-sample preliminary data set (see results), the entire trnH-psbA intergenic spacer and a 367 bp portion of the rpl16 intron was sequenced for the remaining 104 samples. The new target rpl16 intron region was sequenced with the primers "rpl16 internalF" (5' GAATAATACACTGAATCG 3') and "rpl16 internalR" (5' ATTGAGTGGGATGGCGGA 3') (this study). PCR conditions included denaturing at 94° C (1 minute), 30 cycles of 94° C denaturing (1 minute), 55° C annealing (1 minute), and 72° C extension (2 minutes), followed by a final extension step at 72° C (5 minutes). PCR products were purified with GenElute PCR Clean-Up Kits (Sigma-Aldrich, St. Louis, MO), dye-labeled using a Big Dye Terminator Kit (Applied Biosystems, Foster City, CA) and analyzed on either Applied Biosystems 3100 or 3700 genetic analyzers at either the Biology Department of Washington University (St. Louis, MO) or the Laboratory Services Division of the University of Guelph, (ON, Canada). Sequences were manually aligned in Se-Al [30] , and haplotype networks were generated using TCS 1.18 [31] .
Results and Discussion
Five polymorphisms (not including polynucleotide length variation) were detected among the nine samples in the preliminary data set, one in the trnH-psbA intergenic spacer, and two in both the accD-psaI intergenic spacer and rpl16 intron. Since the substitutions present at both trnH-psbA and accD-psaI divided the cultivars into the same groups, only trnH-psbA and the internal portion of rpl16 were sequenced for the total 113-sample set. The trnH-psbA intergenic spacer was 335 bp in 109 samples. (Table 1) . Plastid DNA sequence variation was observed in our geographically diverse set of V. vinifera susp. vinifera samples, consistent with previous studies of microsatellite and isozyme variation (see introduction). Interestingly, the (AAA) plastid haplotype was found only in the cultivars from the Republic of Georgia. Twenty-three (57.5 %) of the 40 included Georgian cultivars exhibited this haplotype, and in this "Rkatsiteli" group cultivars originated from Eastern Georgia slightly prevails. Contrast this group with the nine cultivars (23%) of the "Chkhaveri-Pinot noir" group (GTA), most of which are cultivated in Western Georgia near the Black Sea coast. Another six of the Georgian cultivars exhibited the "Saperavi-Cabernet Sauvignon" (ATT) haplotype. Among these is the well-known cultivar Saperavi, which is now mainly distribured in Eastern Georgia, but is believed to have originated in south-west Georgia. Only two Georgian cultivars exhibited the "ChardonnayMtsvane Meskhuri" group haplotype (ATA), as this group comprises mainly French cultivars.
The observation that the Georgian cultivars exhibited unique plastid DNA variation (AAA haplotype) and all other observed plastid haplotypes is consistent with previous studies that have observed both unique and high levels of genetic variation in wild grape (V. vinifera subsp. sylvestris) in the greater Caucasus region [7, 8, 32, 33] .
Acknowledgements. CRDF-GRDF Georgian-U.S. 
